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We, Dkvoe & Ratnom)s Company, 
Inc., a corporation organized and existing 
under the laws of the State of New York, 
United States of America, of 787, First 
Avenue, New York, 17, State of New 
York, United States of America (Assignees 
of John David Zech, a citizen of the 
United States of America, of Glenbrook 
ltoad; Anchorage, County of Jefferson, 
State of Kentucky, United States of 
America), do hereby declare the nature of 
this invention and in what manner the 
same is to be performed, to be particularly 
described and ascertained in and by the 
15 following statement: — 

This invention has to do with the pre- 
paration of epoxides and, more particu- 
larly relates to the preparation of such 
substances by dehydronalogenation of 
20 halohydrins. * The invention also includes 
a new class of halogen-containing ether 
epoxides obtainable by such process. 

Various processes have been described 
for the formation of epoxides from halo- 
26 hydrins hv dehydrohalogenation of the 
latter, including processes in which alka- 
line materials are used, but these prior 
proposals result in low yields or tend to 
cause hydrolysis and polymerization of 
80 epoxy products or are ineffective in non- 
aqueous media. . 

In continuing the search for a highly 
satisfactory dehydrohalogenation process 
for the preparation of epoxides from halo- 
35 hydrins, it has. now been discovered, 
quite unexpectedly, that alkali-metal 
oluminates, silicates and zincates are out-? 
standing when used in substantially, or 
completely, non-aqueous media. In such 
a medium, these new and unique dehydro- 
halogennting materials effectively remove 
hydrogen halides from the kalohydrins 
and, yet, Jinve little or no tendency to 
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induce polymerization or hydrolysis of the 
epoxide products so formed. These 
dehydrohalogenating materials are par- 
ticularly advantageous.' when used to pre- 
pare readily polymerizable epoxides, non- 
volatile or -'relatively non-volatile 
epoxides, water-soluble epoxides, and 60 
epoxides containing readily hydrolyzable 
groups such as halogen and ester. In 
view of the numerous alkaline materials 
hitherto disclosed as dehydrohalogenating 
agents for preparing epoxides, and in view 55 
of their aforesaid shortcomings of induc- 
ing hydrolysis and /or polymerization of 
ei>oxides, it is surprising that this new 
class of dehydrohalogenating agent is so 
effective. 60 

Dbhydhohai^ogesnating Materiai*s 
The dehydrohalogenating materials for 
the process contemplated herein are basic- 
reactive alkali metal aluminates, silicates 
and zincates, of which the sodium salts €5 
are preferred. Representative of such 
materials are the following : — 

A. Aluminates of alkali metals, such as 
Na 3 A10„ Na-,AU> 4 , Na*AL0 4 . *H 3 0, 
(where .r represents the quantity of asso- 
ciated water), JLAJLjO^. 

B. Zincates of alkali metals, principally 
sodium and potassium. 

0. Silicates of alkali metals, either 
anhydrous or hvdrated orthoeilicates, 
metasilieates, disiiicates, trisilioates and 
sesquisilicates. Typical of such materials 
are Na.Si0 3 .5IL,0, 3Na.0.2SiO r .llIL,0, 
Na 4 Si0 4 and NaJ3i0 3 . 

Halohtoeins 80 
The halohydrins of this invention ore 
aliphatic, cyoloaliphatic and aryl- 
substi tuted aliphatic compounds contain- 
ing at least one halogen atom and at least 
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one hyciroxyl group, eacli of which is 
attached to a different carbon atom ot the 
molecule thereof. Preferred, however, 
are those in which the halogen and 
hydroxyl are attached to adjacent carbon 
atoms-. It will be clear that the* simplest, 
of such compounds is an ethylene halo- 
hydrin, such as ethylene chlorhydrin. 
Other typical halohydrins are glycerol 
mono- and di-ohlorhydrins ; propylene 
bromhydrin ; bis (ft - chloro - 2 - hydroxy 
-propyl) ether ; 1,4 - diohloro - 2,3 - di- 
hydroxy butane; 1,4 - dihydroxy - 55,8-' 
dichloro butane; 9-chloro-l,10-dihydr(>xy 
16 octadecane; i-ohloro-2-hydroxy cyclo- 
hexane; 1 ,4-diohloro-2,3-dihydroxy cyclo- 
hexane ; l-chloro-S-hydroxy-2-phenyl! 
ethane ; 1-hydroxy - 2 - ohloro - % - phenyl 
ethane ; 1-fcromo -2- hydroxy -3- phenyl 
20 ethane; 3 -iodo-2-bydroxy-2-phenyl ethane 
and dihalohydrins derived from dmnyi 
benzenes, for example, by the addition 
thereto of two mols. of hypohalous amds. 

By way of illustration, a simple halc- 
hydrin such as ethylene cUorhydrm will 
be converted to ethylene oxide when 
treated with one of the foregoing 
aluminates, silicates or zinoates, viz-. — 



opposed to those of a more complex 46 
nature. The latter are referred to herein 
as " complex halohydrins " and are 
obtained by reaction of an epihalohydrin, 
as hereinafter defined, with a polyhydric. 
compound, such as a polyhydric phenol 60 
or a polyhydric alcohol or mixture 
thereof, in the presence of a condensing 1 , 
agent. The complex halohydrins are 
converted to epoxides by the aforesaid 
dehydrohalogenation treatment, ■ and 65 
represent a preferred class of halohydrins. 

An epihalohydrin and a polyhydric 
alcohol or polyhydric phenol, or mixture! 
thereof, are reacted in the presence of a 
condensation catalyst, whereupon a halo- 60 
hydrin or mixture of halohydrins is 
formed. Polyhydric alcohols and poly- 
hydric phenols which may be used for the 
preparation of the complex halohydrins 
are illustrated by the following: — 
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30 Similarly, glyoidol is prepared from 
glycerol monochlorhydrin, and epicnlor- 
hydrin from glycerol dichlorhydrin : — 
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When a halogen atom and a hydroxy, 
oroup are attached to different carbon 
atoms which, in turn, are attached to an, 
intervening carbon atom of an alipnatio 
compound, an homologous epoxide is 
formed. This may be illustrated by the 
conversion of a l-chloro-3 : hydroxybutane: 
to the coiTesponding epoxide 
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The foregoing illnstrativereactantemay 
be characterized as simple halohydrins, as 



(a) Polyhydbic Alcohols 

ethylene glycol 
propylene glycol 
diethyiene glycol 
trimethylene glycol 
2,3>-butanediol 
l,4-dihydroxy-2-butene 
1,32-dihydroxy octadecane 
1,4-dihydroxy cyclohexane 
2, 2-dimethyl-l,3-propanediol 
2-etliyl-2-butyl propanediol-1,3 
glycerol 
erythritol 
sorbitol 
mannitol 
inositol 

- trimethylol propane 
pentaerythritol 

polyallyl alcohol _ 
bis (4-hydroxycyclohexyl) dimethyl 

methane 
1,4-dimethylol benzene 
4,4 1 -dimethylol diphenyl 
dimethylol xylenes, 
dimethylol naphthalenes. 

(b) POLTHTDKTC ETKEa ALCOHOLS 

diglyoerbl 
triglycerol 
.* "dipentaerythritol 
tripentaery thritol 

- drmethylolanisoles 
beta hydroxyethyl ethers, of polyhydric , 

. alcohols and phenols, such as 
diethyiene glycol 

polyethylene glycols 100 
. hifl(beta hydroxyethyl ether) of hydro- 
quinone 

. bis(beta hydroxyethyl ether) of bis- 
* " phenol ' "~ 

. : betahydroxyethyl . ethers of glycerol, 106 
pentaerythritol, sorbitol and 
mannitol; 
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condensates nf alkylene oxides suck us 
ethylene oxide, propylene oxide ; 
butylene oxide, isobutylene oxide, 
glycidol, epichlorhydriii, and tflycid 
ethers, with polyhydrie alcohols such 
as the foregoing. 

(o) Hydroxy- Aldkhyuks and -Ketones 
dextrose 
fructose 
maltose 

glyceraldehydes 

(d) POLTHYDHIC PHKNOLS 

hydroquinone 
reBoroinol 
]>hloroglucinol 

fiSSSofcpredomiantly 4 4Ul ihydroxy 
dipheiiyl dimethyl methane) 

(e) Hydroxy Esters 
on monoglyeerides, such as monostearm 
ethylene glycol dilactate 
mono esters of pentuerythritol, e.g. a 
monoaectate 

(f) H-AJ.OGENATED AiCOnOLS 

25 (Halokydrins) 
trlycerol numochlorhydrniB 
1 ,4-dichloro-2,3-hydroxy butane 
monochlorideof pentuerythritol 

Enihalohydrins used in preparing the 

enichlorhydrin, epibTomhydrm ana 
eSohydrin. The latter materials are 

however, homologies of the »* OT ^ d 

SS2f -ethyl epiiUig^ 

1 4^ichlon>2,3~epoxy butane. It win 

ja i™,** are not referred to above. 

40 Smuch as fluorine i. -tlx^ = tive 
i» such enoxy compounds, the latter are 
not contemplated herein, .Aer^lg 
*h« term " epihalohydnn • used m 

Typical cntelyste are those of the Friedel 



SS z5$!' SOI,. SnCl„ and ocmplexes 



avid type catalysis including ILL 0 1U»S0 4 , 
ami Jl a l'0 4 ; others such as SbCl 5 . Con- 
centration of catalysts may be varied, 
depending uik>u the individual catalyst. 
For example, tiom 0.1% to 0.2% of 13E 3 65 
or a complex thereof , based upon the total 
quantity, of reactants, provide satisfactory 
results. When greater concentrations of 
such catalysts arc used, the resulting halo- 
hydrin, compositions are generally darker 70 
in color. In general then, the condensa- 
tion catalyst is used in small concentra- 
tion, up to about 5%. but generally less 
than 1% of the total reactants. 

The complex halohydrins are advan- 76 
tageously formed by reaotng the epihalo- 
hydrin and polyhydrie alcohol or poly- 
liydrio phenol, in the presence of a, con- 
densing catalyst, at a temperature 
between 23 ° C. and 175° C. In general, 80 
temperatures above about 130° C. cause 
some darkening in color of the halohydrin 
composition, but may be advantageously 
used when very light color is no object, 
lor example, temperatures of the order 85 
of 130 — 175° O. are advantageous with 
high melting polyhydrie alcohols, such as 
mannitol, pentaerythritol and polypenta- 
erythritols. Further, temperatures of the ■ 
OTder of 25° C. generally provide a slow B0 
reaction rate, unless relatively large con- 
centrations of catalyst ore used. Most 
satisfactory results, that is, proper rate of 
reaction and light color of product, are 
obtained with temperatures in the neigh- 95 
borhood of 75—126° C. 

The condensation of an epihalohydnn 
and a polyhydroxy compound may be 
carried out in any one of several ways. 
Eor example, the two reactants may be 100 
mixed at room temperature and the cata- 
lyst may be added thereto. Condensation 
is relatively slow initially, becoming more 
rapid as the temperature rises due to the 
liberation of heat. Generally, the torn- 105 
perature rises appreciably so that efficient 
cooling must be applied to prevent violent 
reaction. A preferred method involves 
adding- the catalyst to the hydroxy com- 
pound and then adding the epihalohydrin 110 
thereto gradually at a temperature of 
50 — 125° O. This provides a more 
uniform product and greater control oyer 
the reaction. Inasmuch as the reaction 
is exothermic cooling can be applied to llo 
shorten the time required for the addition 
of the epihalohydrin. By proper adjust- 
ment of the rate of cooling and rate of 
a ddition of the epihalohydrin, the reaction 
can be carried out at the desired tempera- 120 
ture in a minimum period of time. 

In carrying out the reaction of the poly- 
hydroxy compound and the epihalohydrin, 
it is advautagenus to use a solvent with 
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certain high melting, relatively insoluble 
alcohols. By way of illustration, penta- 
erythritol and polypentaeiythritols are 
difficultly soluble and high melting. 
5 Polyhydrie alcohols, such as ethylene 
glycol, glycerol, diglycerol and tri- 
methyiol propane are the most satisfac- 
tory solvents for the pentaerythritols, 
when the latter are condensed with 

10 epihalohydrins. Naturally these solvents, 
as polyhydroxy compounds, also i-ondense 
with the epihalohydrins; as a result, an 
extremely complex halohydrin is formed, 
rather than a relatively simple, pentaery- 

i6 thritol-epihalohydrin condensate. 

As indicated hereinabove, the dehydro- 
halogenation treatment is affected in a 
non-aqueous, or substantially non-aqueous 
medium. Organic solvents or diluents 

20 which may be used, and which are sub- 
stantially unreactive in this treatment, 
include: hydrocarbons such as benzene, 
toluene; ketones such as acetone, methyl 
ethyl ketone; ethers typified by diethyl 

25 ether, methylal, dichlorethyl ether 
(chlorex), 1,3-dioxolane and dioxane; 
halides such as ethylene dichloride, 
carbon tetrachloride. Of such solvents, 
dioxane is particularly satisfactory, and is 

30 preferred. In general, organic solvents 
which are infinitely miscible with water 
appear to facilitate filtration, especially 
when sodium zincate is used as 
the dehydrohalogenating agent. With 

35 ketones, such as acetone, a small amount 
of aldol type condensation may occur, 
particularly with sodium zincate or 
sodium ortnosilicate, leading to the forma- 
tion of diacetone alcohol and /or mesityl 

40 oxide; this in no way effects the yield of 
epoxide. 

In the formation of the complex halo- 
hydrins, it is possible to vary the propor- 
tions of epihalohydrin and polyhydroxy 

$5 compound over a considerable range. The 
halohydrins formed therefrom and, in 
turn, the epoxides derived from said halo- 
hydrins, are of somewhat varied char- 
acter depending on proportions of 

60 epihalohydriu and polyhydroxy com- 
pound. -In addition to epoxy groups, the 
epoxides) so formed are characterized by 
the presence of hydroxyl groups and 
halogen. Eor example, a substantially 

66 colorless epoxide averaging about 2.1 
epoxide groups per molecule is obtained 
when about three mols. of epichlorhydrin 
are condensed with one mol. of glycerol 
in the presence of B3? 3 , and the very 

60 viscous, substantially colorless halohydrin 
so formed is treated with one or more of 
the aforesaid aluminates, silicates or 
zincates. An epoxide characterized by a 
relatively large number of hydroxyl 

66 - groups may be prepared in a similar 



maimer, but with the ratio of epichlor- 
hydrin to hydroxyl group of less than 1, 
such as about two mols. of epichlorhydrin 
per mol. of glycerol. The latter epoxy 
products are rather sensitive . to poly- <70 
merization (resembling glycidol in this 
characteristic), more so than the corre- 
sponding epoxy products obtained by 
using an epichlorhydrin to hydroxyl 
group ratio of 1. or greater than 1. 75 
Similarly, if it is desired to minimize the 
halogen content of the epoxy products, 
ratios of epichlorhydrin to hydroxyl group 
of less than 1 are used. In general, 
however, desirable complex halohydrin 80 
compositions for use herein are obtained 
with from 0.3 mol. to 2 mols. of epihalo- 
hydrin for each hydroxyl group of the 
polyhydrie alcohol or polyhydrie phenol. 
Particularly preferred are those obtained 86 
when about one mol. of an epihalohydriu 
is used for each hydroxyl group of the 
polyhydroxy compound. 

I>EHYDROHALOGENATION 

As indioated hereinabove, the dehydro- 90 
halogenating reagents of this invention 
are basic reacting alkali metal 
aluminates, silicates and zincates. These 
reagents are illustrated above and, in 
general, the sodium salts thereof are pre- 95 
fexred. The conditions required for 
satisfactory conversion of halohydrin to 
epoxide vary somewhat with these 
reagents. When sodium aluminate is 
used, it is preferred to carry out the reac-100 
tion at temperatnres of the order of 
70 — 105° C, although satisfactory results 
are obtained with temperatures from 
— 25" O. to 12&° 0., depending upon the 
reactivity of the halohydrin. With tern- 105 
peratures below 70° C. the reaction time 
is relatively long. "With temperatures 
within the preferred range of 7O-—105 0 - C. , 
reaction is usually complete within 1—3 
hours with quantities of reactants such as 110 
are shown in the following illustrative 
examples. The quantity of sodium! 
aluminate used with the halohydrin may 
be varied considerably. A quantity con- 
taining a slight excess is generally desir- 115 
able; that is, the quantity of sodium 
aluminate iised is such that the sodium 
content is slightly in excess of the halogen 
content of the halohydrin reactant. Even ^ 
a large excess of sodium aluminate may 120 
be used without decreasing the yield of 
epoxide product, thus illustrating the 
absence of a polymerization effect. It has 
been further discovered that particularly 
outstanding results are realized when a 125 
small amount of water is used with sodium 
aluminate in the reaction. The quantity 
of water used is preferably of the order of 
1%' to 1&'%" of the quanttiy of sodium 
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aluminate, but as much as 30%. of water 
may be used with a larjre quantity of a. 
water-miscible organic diluent, ir sub- 
stantially larger quantities of water are 
used, the yield of epoxide product is 
decreased, perhaps by hydrolysis and /or 
polymerisation of the product. Outstand- 
ing- are sodium ami potassium aluniiuates. 

"With regard to the silicate reactants, 
the sodium salts are again preferred in 
view of their availability and excellent 
characteristics These salts api>ear to be 
more reactive than the corresponding 
alunihiutea. Thus, somewhat lower tem- 
ijeratures and shorter reaction periods may 
be used. In general, a. reaction period of 
A hour to 1 hour at- 70° C, with quantities 
of reactants such as arc shown in the 
following typieals examples, provides 
excellent couvemou of halohydrin to 
epoxide. Iteaetion temperature may be 
advantageously varied, however, from 
-25° C. to 12«5° C, with reaction periods 
varving from £ hour to 10 hours. The 
quantity of zincate used with simple halo- 
hydrins, such as ethylene chlorhydrin, is 
preferably substantially equivalent to that 
theoretically required for the halohydrin 
reactant; again, this is based upon the. 
quantity of alkali metal, as sodium, 



required to react with the halogen of the 
halohydrin reactant. With complex 
halohydrins prepared by reaction of troni 
4 to 1 mol. of'epihalohydrin per hydroxyl 
otoup of the polyhydrjc alcohol, the <5& 
quantity of zincate used preferably varies 
from an equivalent quantity to § of an 
equivalent; an equivalent quantity ot 
zincate is one containing a quantity ot 
alkali metal, e.g. sodium, equivalent to w 
the halogen content of the Tinlohvdrm. 
When the ratio of epichiorhydrin to 
hydroxyl group of the polyhydric alcohol 
is greater than one, the quantity of 
zincate is preferably from 1 to i of an 46 
eq uivalent. If less than an equivalent ot 
zincate is used, the epoxide former! con- 
tains halogen, the halogen beinff rela- 
tively unreactive. To illustrate this} 
relationship, the reaction ot three niols. OU 
of epichiorhydrin with one mol. of 
ethylene glycol provides a inixture of 
ehlorhydrin products, some of which are 
relatively simple in character and others ■ 
of which are relatively complex. One 
such complex chlorhydrin which, is most 
nrobably present, and which contains some 
relatively unreactive chlorine m addition 
to some reactive chlorine, is the 
following: — 



fa « 

8 OH 



H2 f 
0— C— C — CHaCl 
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C — C CE,,C1 

OH 



With such a complex ehlorhydrin the 
quantity of sodium siucate used should 
preferably be equivalent to J of the 

66 cblorine present therein, and the epoxide 
formed therefrom would contain chlorine. 

Particularly pref erred of thesaucates, 
U a sodium zincate having a zinc oxide 
content of 30% . ... , 

70 The silicates listed above are lllustra- 
tive of a relatively large number which 
may be used herein. Oenerally, the reac- 
tion conditions are substantially the saiuc 
as those, resorted to when the aluminate,, 

76 and /or zineates axe involved. lhat 14, 
reaction temperatures from -io C. to 
Y>b' C. and reaction periods ot from * 
hour to 10 hours are satisfactory ; pre- 
ferred, however, are temperature* ol the 

80 order of 50 to MB* C. and reaction periods 
of i to 3 hours. The very highly alkaline 



silicates, such as anhydrous sodium ortho- 
silicate, when finely powdered are quite 
similar in behaviour to sodium zincate; 
such silicates are preferably used m sun- oB 
stantially theoretical quantities with tho 
halohydrin reaotants. as described above 
in connection with zincate reactants. in 
order to realize the maximum benefit ot 
the alkali metal content of the anhydrous 80 
silicates, thev should be finely powdered 
before use. This may be suitably accom- 
plished by known methods, such as grind- 
ing in a ball mill, rolling mill etc. 
Typical silicates which provide better 86 
results when finely powdered are an- 
hydrous sodium meta^, sesqui-, and ortho- 
si! icntos ; sueh materials are extremely 
hard ami srlass-like, Particular prefer- 
ence is given herein to the fol lowing, 1UU 
silicates; aiihvdrous sodium ortho sUicote; 
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hydrated sodium nieta and sesqui Bilic- 

^Several relationships influence the 
efficacy of the dehydrohalogenating re- 
>5 agents.' Among these are particle size 
end surface area; and amphoteric- inetai 
oxide content, such as AL0 3 , Si0 5 , 4nU. 
As previously indicated, the extremely 
Lard, glass-like - anhydrous silicates are 
10 anore effective when finely powdered. 
Most effective use of these materials is 
realized when the partiele^saze is low ass 
of the order of GO mesh (American 
Standard) or finer. This relationship is. 
15 of less import with hydrated silicates, 
illuminates and vdncates, which ^ generally 
disintegrate or disperse readily in the 
hidohydrin-solvent mixture. men witlt 
the latter salts., however, it is preferred 
20 that the particle size be relatively small, 
and of the character noted in connection 
with the finely powdered silicates. 

In the dehydrohalogenation reaction, 
the halohydriu and the alkali . metal 
05 aluuiinate, silicate and/ or zincate are 
brought together in the porport-iona in- 
dicated above. Reaction may Worried 
out at temperatures from -^o to 
1&> 0 O. The prefeiTed temperatures, 
30 however, are indicated above in the dis- 
cussion of the various aluininatea, sili- 
cates and zineates. When hydroxy-epox- 
ides, such as glycidol, are prepared from 
hulokydrins, low temperatures are used to 
*k advantage, in view of the unusual sensi- 
tivity of such epoxides! to polymerization; 
recommended temperatures here are oi 
the order of -25' C. to O* 0. The- 
dehydrohalogenation reagent and tlie 
40 halohydrin react with the formation of an 
alkali halide. Presumably, the alkali 
metal of the aluminate, for example, re- 
acts with the halogen acid removed itoui 
the halohydrin, with the formation of an 
46 alkali metal halide. Apparently, no 
aluminum . halide is formed- in the re- 
action; however, Al(OHfc and /or Al a O ? is 
formed. At the end- of the reaction 
period, the reaction mixture is nltoTea 
60 through a suitable filter medium e.g. di- 
atomaceous earth, to remove alkali metal 
halide, alumina, hydrated alumina and 
excess aluminate. The filter cake so 
formed is washed with solvent to remove 
55 traces of product entrained therein. liie 
solvent is then recovered by distillation 
as the distillate, leaving the epoxide pro- 
duct as a residue- in the case of a non- 
volatile epoxide. When the epoxide is 
60 volatile, it may be obtained as a fraction 
of the total distillate. It is generally 
desirable to remove the solvent by vacuum 
distillation in order to avoid heating tlie 
epoxide products to high temperatures, 
65 This is particularly advantageous m me 



preparation of hydroxy-epoxides, such as 
are derived from the condensates of 
epichlorhydrin with a polyhydric alcohol 
in which less: than one mol of epichlor- 
hydrin is used per hydroxyl group of a 70 
polyhydric alcohol; an illustration of 
auch products is one derived from two 
mols of epichlorhydrin with one mol of 
glycerol, that is, one deiived from 2/3 
mol of epichlorhydrin per hydroxyl 75 
group. As mentioned above, such 
hydroxy^epoxides, are much more sensitive 
toward ijolymerization than are the corre- 
sponding" hydroxy-epoxides, derived from 
the condensates of one or more moles of 80 
epichlorhydrin i*er hydroxyl group of a 
polyhydric alcohol. 

When sodium zincate is used in the 
dehydrohalogenation treatment, sodium 
chloride and ZnO or Zn(OH) 2 are formed. 85 
These by-products, and any excess zincate, 
are removed from the reaction by filtra- 
tion as when an aluminat© is. used. The 
zinc oxide may be recovered from the 
filter cake and reconverted to a zincate by 90 
known procedure, so also may alumina be 
reconverted to an aluminate. Sodium 
zincate is somewhat more advantageous 1 
than the corresponding* aluminate, in 
that it is somewhat more reactive. As 95 
indicated above, lower reaction tempera- 
tures and shorter reaction periods may be 
used; so also, less zincate isi required for 
a given, conversion of halohydrin. to 
epoxide. As a result, a smaller filter 100 
cake is obtained ; also less solvent is re- 
quired* for washing: the filter cake. In 
addition, a smaller filter press- is required. 

When a sodium silicate is used, sodium 
chloride and Si0 2 and /or its hydrates are 105 
formed. As with treatment with an 
alkali metal aluminate and /or zincate, 
: these by-products may be removed by 
filtration. Certain alkali metal silicates, 
are particularly convenient for use in the 110 
dehydrohalogenating treatment, inas- 
much as they are converted therein to a 
stilf paste which clings to the sides of the 
reaction vessel in which the treatment is 
effected. At the end of the reaction 115 
treatment, filtration is unnecessary; the 
solution of epoxide product may be 
simply poured from the reaction vessel, or 
may be siphoned therefrom. Hydrated 
alkali metal silicates) are so characterized. 120 

In affecting the dehydrohalogenation 
treatment, . super and sub-atmospherio 
pressures may be used. For example, 
when a low boiling solvent, snch as di- 
ethyl ether, is involved sniper-atmospheric 125 
pressure is advantageous. Similarly, 
when a volatile epoxide, such as ethylene 
oxide, is formed, SiUib-atmospheric pres- 
sure is desirable. Also, the treatment 
may be carried out in a batch or a conr 130 
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tinuous operation. 

Illustrative Examples. 
The following example* are provided to 
illustrate the invention, and are not to be 
6 construed as limitations thereof. lhe 
example* illustrate the individual mate- 
rials which may bo used in the pmcessi 
contemplated heroin and also illustrate 
the products obtained by such process. In 
10 each of tin* following examples, unless 
* otherwise indicated, the viscosities are 
those of the- Gardner-Holt Scale, and 
average molecular weights are those 
obtained by the standard freezing* point 
16 depression method with benzophenone. 

Example I. 
In a, three-liter, three-nock glass re- 
action flask, equipped with a thermo- 
meter, dropping funnel and an eleetne- 
20 ally-driven stirrer, were placed « %>tt grams 
(0 mols) of glycerol and 5 cc». ot an ethyl 
2w JlutHm of BP a (4->% BP.). The. 
mixture wus agitated and heated to 
05° O., whereupon heating was discon- 
26 tinued. Epichlorhydrin was then added 
gradually through the dropping tunnel to 
the mixture, at such a rate that the tem- 
perature varied from 70—90° C, with ex- 
ternal cooling being applied to the nasfc. 
80 The epichlorhydrin, HU>p grams (18 mols) 
was added during a period of 1 hour and 
49 minutes. The reaction mixture was, 
stirred for anotheT hour, without further 
cooling; during this period the tempera- 
86 ture was (50-87° C. The substantially 
colorless liquid product so obtained had a, 
viscosity of Z 4 . 

A' portion of the aforesaid product, «ii U 




condenser and an ele<trically-<lriven 
stirrer. The dioxane solution was stirred 
«nd Ihreo hundred grams of sodium 
46 aluminate (Na.ALO^ were added thereto 
The resulting mixture was then renuxed 
at 9&° C. for 8£ hours. The mixture was 
then cooled and filtered through clmtom- 
•• aceous earth on a Buclmer funnel The 
fiO niter cake thus formed was washed with 
dioxane. The filtrate and dioxane wash- 
ings were combined and vacuum distilled 
to a, maximum temperature of 4ih> O. at 
20 innis., whereupon dioxane was removed. 
55 as the distillate. The product, . 2B! 
grams, was a pale-yellow liquid having a 
viscbsitv of 1); a chlorine content of 9.1 
per cent. ; an average molecular veurlit 
of 324; and an epoxide equivalent of 149, 
flO thus having an average of ol>out ~- 
epoxide groups per molei-ule. t 

The cptixidc undent nf the epoxide pro- 
duct was de-iermined by healing a sample 
of the epoxide with an excess of pyridine 



containing pyridine hydrochloride, at the 65 
boiling point for 20 minutes, and back 
titrating the excess pyridine hydro- 
chloride with 0.1 normal sodium 
hydroxide, using phenolphthalein as in- 
dicator. One HC1 is considered equiva- 70 
lent to one epoxide group. The pyridine- 
pyridine hydrochloride solution is made 
by adding JO ccs. of concentrated hydro- 
chloric acid per liter of pyridine. By 
epoxy equivalent we mean that weight of 76 
the material which contains one epoxy 
group. 

Example II. 
A quantity, 187 grams, of the glyeerol- 
epichlorhydrin condensate described in 80 
Example I above, 104 grams of sodium 
aluminate and 400 ccs. of dry diethyl 
ether, were placed in a one-liter, three- 
neck flask fitted with a thermometer, a 
reflux condenser and an electrically- 86 
driven stirrer. The mixture so formed 
was agitated at 2-3 — 34° C. for four days. 
Host of the ether had evaporated at the 
end of the four day period, whereupon the 
reaction mixture was diluted with addi- 90 
tional diethyl ether and filtered. The 
filtrate was distilled thereby removing 
diethyl ether. The liquid product, 89 
grains, thus obtained was substantially 
colorless, had an epoxide equivalent of 140 95 
and contained about 9.1 per cent, chlorine. 

Example III. 
In contrast to sodium aluminate in 
Examples I and II above, and various 
silicates and zincutes in the following 100 
examples), is the substantially lower degree 
of eifectiveness of sodium hydroxide as a 
dehydrohalogenating agent, viz. : 

A quantity, 187 grams, of the glyeerol- 
epichlorhydrin condensate- described in 106 
Example I above, and 300 ccs. of dry 
diethyl ether were placed in a one-liter, 
three-neck glass flask equipped with a 
thermometer, a reflux condenser and an 
electrically-driven stirrer. The flask was 110 
cooled in salt-ice bath. At a temperature 
of -2 to — 5° C, the ether solution was 
agitated and 8U grams, of powdered sodium 
hydroxide were added thereto during' a 
period of 07 minutes. The resulting 115 
mixture was then stirred for three hours*, 
the temperature rising to 19° C. at the end 
of this period. The ether solution was 
decanted from the flask and ether dis- 
tilled therefrom. The product, a color- 120 
less liquid product, had an epoxide equi- 
valent of 12-0 and a chlorine content of 
about 7.8 per cent. Only 80 grams of 
the product were obtained; this corre- 
sponds to about 21 per cent, of the theo-126 
retical yield. This is i u contrast to yields 
of about 04 per cent, in Example IT and 
about 93 per cent, in Example I. 

Similar results, with low yield of pro- 
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duct and /or low epoxide content of pro- 
duct, have been obtained with a large 
ti amb er of alkaline materials disclosed in 
the prior art referred to Hereinabove . 
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Example IV. 
A quantity, 186 grams., of the glycerql- 
epichlorhydrin condensate described in 
Example I above, SO grams of water and 
ai)0 ccs. of dioxane were placed in a one- 
10 liter, three-neck glass- flask equipped with 
a thermometer, a reflux condenser and an 
electrically-driven stirrer. The dioxane 
solution so formed was agitated and 80 
grams of finely powdered anhydrous 
16 sodium ortho silicate (Na^SiO*; 60 mesh 
American Standard) were added thereto. 
The resulting mixture was refluxed at 93 
C. for * hour. The mixture was. then 
cooled and filtered as described above in 
20 Example I. The filtrate and dioxane 
washings were combined and vacuum dis- 
tilled. The product, 139 grams, had an 
epoxide equivalent of 139; a molecular 
weight of 295, thus, corresponding to an 
26 average of 2.1 epoxide groups per mole- 
cule; a viscosity of D + ; and a chlorine 
content of 6.4 per cent. 

Example T. 
A quantity, 186 grams, of an epiohlor- 

30 hydrin-glyeerol condensate prepared as? 
described in Example I above, 230 grams 
of sodium metasilicate pentahydrate 
(N8sSi0 8 ,5B: s 0) and 300 ccs. of dioxane 
were placed in a flask such as described 

35 in Example II above. The reaultLng 
solution was stirred and refluxed at yi U. 
for 3 hours. A paste, presumably a mix- 
ture of silica gell and sodium cHoride, ^was 
formed and stuck to the wall of the flask 

40 and the stirrer. The solution was poiired 
from the flask and vacuum distilled. IJie 
product, 150 grams, had an epoxide equi- 
valent of 150. The product contained 
chlorine. 

45 Example 71. 

An epiehlorhydrin-glycerol condensate, 
18(5 grams, prepared as described m 
Example I above was dissolved m 300 ccs. 
of dioxane and treated with 145 grams 

IM of a hydrated sodium sesquisilicate 

50 (8ITa,0.SSi0 B .UH.0) > in m ™ 
described in Example* 17— 7 a W. The 
reaction mixture was poured, trom tne 
flask and vacuum distilled The product 

66 180 grams, had an epoxide equivalent ot 
148; a. viscosity of E ; and a chlorine con- 
tent of 9.6 

ExamtleYII. 
An epichlorhydrin-glycerol condensate, 
60 180 grams, prepared as derated n 
Example I above was dissolved in 300 ccs. 



of dioxane and treated with 90 grams of 
sodium zincate (30%' ZnO), in the manner 
described in Examples 17 — 71 above. 
The reaction mixture was heated at 70° 0. 65 
for h hour, then cooled and filtered as 
described in Example I. The filtrate and 
dioxane washings were combined and 
vacuum distilled. The product, 134 
grams, had an epoxide equivalent of 143 ; 70 , 
a viscosity of D ; and a chlorine content of 
8.9 per cent. 

ExAMPua VIII. 
Glycerol and epiohlorhydrin, in a molar 
ratio of 1:2* ^ere condensed in the 70 
manner described in Example I above. A . . 
quantity, 417 grams, of the condensate, - 
was dissolved in. 400 ccs. of dioxane and 
was* treated with 180 grams of sodium 
zincate (30% ZnO), as described m °u 
Example 711 above. The dioxane solu- 
tion thus formed was heated at 6o — 70 0. 
for 1£ hours, then cooled, filtered and the 
filtrate vacuum distilled. The liquid 
product, 306 gTams, had an epoxide »& 
equivalent of 167 ; a viscosity of IS ; and a 
chlorine content of 2.2 per cent. 

Example IX, 
Glycerol and epiohlorhydrin, in a molar 
ratio of 1 to 4, were condensed m the 90 
manneT described in Example I above. A 
quantity, 231 grams, of the condensate 
was dissolved in 300 ccs. of dioxane and 
was treated with 190 grams o£ sodium 
aluminate (Na a Al 2 0<), as described m 95 
Example II. The dioxane solution thus 
formed was refluxed at 97° O. for 3 hours, 
then cooled, filtered and vacuum distilled. 
The liquid product, 168 grams, had an 
epoxide equivalent of 144; a viscosity of 100 
F; and a chlorine content of 10.8 per cent* 

EiXAMPlE X. ' 

Que mol. of trimetbylol propano and 
three mols. of epiohlorhydrin .were con- 
densed in the manner described m Sample luo 
I. The reaction temperature was 2& — 69° 
O. and the total reaction time was 5 hoiirs. 

The condensato, 415 grams, was dis- 
solved in 600 ccs. of dioxane and] treated 
with 275 grams of sodium aluminate 111) 
(NaJQ 3 0,), in the manner described m 
the preceding example® with JNaaAIsJJi. . 
The product— 299 grams— obtained, after - 
Tacuum distillation to 200° C. atSOmms., 
was a pale yellow liquid having an 110 
eooxide equivalent of 151 and an average 
molecular weight of 292, indicating an 
average of 1.9- epoxide groups per mole- 
cule. The product so prepared contained 
chlorine. „ W 

Example XI. 
Glycerol monochlorhydrin (1105 grams ; 
10 mols.) and epichlorhydrin (925 grams; 



10 mols) were condensed in the presence 
of 1 cc. of an ethyl ether solution of J3J? n 
(45:% in the nianner indicated in 

Example 1 above. The reaction tcmpern- 

6 ture varied from SI— 106° C, during: a 
period of li hours. The condensate so 
obtained was vacuum distilled to Zui) jL . 
at 3 mms., providing a large fraction dis- 
tilling- at 143—200° C. at 3 mms. 
10 A quantity, 603 grams, of the distillate 
was dissolved in 900 ccs. of dioxane and 
treated with 540 grams of sodium alunun- 
ate at 94° C. for 2| hours, as described ju 
preceding examples. The reaction pro- 

15 duct so obtained was vacuum distilled, 
after solvent (dioxane) had been re- 
moved, into the following fractions: 

Fraction Quantity Boiling Point 



20 



2 
3 



195 grams 

95 grams 
80 grams 
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122— 124TC/34- 

mms. 
143—170 w C/4 mms. 

residue 



Fraction 1 had an epoxide equivalent of 
69.5 and was predominantly diglycid 

25 ether. Fraction 2 had an epoxide equiva- 
lent of 214. The residue had an epoxide 
equivalent of 371 and an average mole- 
cular weight of 325, indicating an average 
of 0.9 epoxide groups per molecule. Ihe 

30 product contained chlorine. 

Example XII. 
Epichlorhydrin (185 grams, 2 mols) 
and 1, 12-diliydroxy-ootadecane (diolm; 
236 grams, 1 mol) were condensed in the 
86 manner described in Example I above, 
the reaction temperature and reaction 
time being 41—69° O. and 3 hours 
respectively. The condensate so formed 
—475 grams--was treated with 185 grams 
40 of sodium alumina.te in 600 ccs. pf di- 
oxane, at 96° C. for 3 hours. The re- 
action mixture which formed was treated 
as described in preceding examples in- 
volving sodium aluminate. , A colorless 
46 liquid, 412 grams, was obtained; it had 
an epoxide equivalent of 485, and a 
chlorine content of 6.7 per cent. 



Examplk XIV. 
Epichlorhydrin (463 grams; 5 mols) 
and triglycerol (240 grams; 1 mol) were 65 
condensed in the manner described in 
Example I, with the temperature 92— 
130° C. for 2i hours. A. quantity, ado 
grams, of the condensate was Seated with 
170 grams of sodium zinoate (30%, ZnO) 70 
in 300 ccs. of dioxane and 20 ccs. of water, 
at 96° O. for 3 hours. The P™*™** 
obtained as described in Example \ 11 
above, weighed lb4. grains T^e product 
had an epoxide equivalent of 164 and an JO 
average molecular weight of 421, repre- 
senting an average of 2.6 epoxide groups 
per molecule; it also had a chlorine con- 
tent of 8.o per cent, and a viscosity off. U . 

Example XV. 80 
Epichlorhydrin (555 grams, 6 mols) and 
polyallyl alcohol (400 grams) were con- 
densed at 90-95" C. for five hours, 
according to the procedure described in 
Example I above. Tho condensate, 95o 85 
sramsT was treated with 540 grams of 
sodium zincate (30% ZnO) m 1000 cc of 
dioxane, at 97° C. for three hours The 
reaction mixture so obtained was treajbed 
as described in Example VII above. The 90 
liquid product, 568 grams, isolated from 
said reaction mixture, had an epoxide 
equivalent of 231 and an average mole- 
cular Aveight of 540, representing an 
average of 2.4 epoxide groups per mole- *>o 
cule. Chlorine found: 6.2 per cent. 

Example XVI. ■ 
Epichlorhydrin (491 grams 5 3 mols) 
was condensed witli dextrose (13S grams, 
0.7 mol) and ethylene glycol (46 grams, 100 
0.7 mol) at 100° O.— 136° C. for lihours, 
according to the procedure described m 
Example I above. The condensate, 629 
grams, was reacted with 935 grams of 
sodium zinca-te in 600 cce. of dioxane and 10& 
15 ccs. of water, at 9G° C. for three hours. 
The reaction mixture was treated in tne 
manner described in Example VII above. 
The liquid product, 317 grams, had an 
epoxide equivalent of 268 and contained 110 
10. 2 per cent, chlorine. 



Example XIII. 
Epichlorhydrin (303 grams; 3.3 mols) 

50 and erythritol (100 grams; 0.84 mol) were 
condeiied at 90-143' 0. for 1 hour m 
the manner described in Example I above. 
The condensate, 403 grams, was treated 
with 500 grams of sodium zmcate . (60 fa 

65 ZnO) in 500 ccs. of dioxane and 10 ccs. 
of water. The reaction temperature was 
9(V— 98° C. and the reaction time was 6 
hours. The reaction mixture thus obtained 
was treated as described in Example A III 

60 above. The liquid product, 217 grams, 
had a chlorine content of 10.1 per cent, 
and an epoxide equivalent of 18o. 



Example XVII. 
Epichlorhydrin (648 grams, 7 mols) was 
condensed with sorbitol (182 grams, 1 
mol) at 01—108° C. for <Q hours in the lib 
manner described in Example 1. A 
quantity, 208 grams, of the condensate so 
obtained Vas treated with 105 grams of 
sodium zincate in 500 ccs. of dioxane, at 
70° for i hour. The reaction mixture 1ZU 
thus formed was treated in the manner 
described in Example VII above. The 
liquid product, 150 grams, had an epoxide 
equivalent of 216 and an average mole- 
cular weight of 679, ropresntmg an 
average of 3.1 epoxide groups per mole- 
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cule. The chlorine content of the pro- 
duct was 10.2 per cent. 

Example XVIII. 
Epichlorhydrin (378 grams, 3 mols) was 

5 condensed with sorbitol (182 grams, 1 
mol) at 103— 114* C. for 1J hours as 
described in Example I above. A por- 
tion 231 graft-, of foe condensate was 
reacted with 164 grams of sodium 

10 aluminate in 300 ccs, dioxane and 15 ccs. 
of water, at 95° O. for three hours*. The 
reaction mixture was treated in the 
manner described in Example I above, 
and the liquid products obtained had an 

16 epoxide equivalent of 202. The liquid 
product contained 9 .3% chlorine. 

Ey.ATVrPT.Ti XIX, 

Epichlorhydrin (555 grams, 6 mols) was 
condensed with sorbitol (182 grams, 1 

20 mol) at 90—109° C. for three hours, as 
described in Example I above. The 
quantity, 213 grams, of the condensate 
was treated with 175 grama of sodium 
aluminate, 400 ccs. dioxane and 15 ccs. 

25 of water, at 96° C. for 1J hours. The 
reaction mixture was treated m tne 
manner described in Example I above. 
The liquid product, 147 grams, so obtained 
contained chlorine, had an epoxide 

30 equivalent of 214 and an average mole- 
cular weight of 576 indicating an average 
- of 2*7 epoxide groups per molecule. 



Example XX. 
Epichlorhydrin (1110 grams, 12 ^<>ls} 

85 was condensed with pentaerythritol (tflf 
grams) and trimethylol propane (164 
Iran*; 0.8 mol) at 134-153° 0. for 2i 
hours. The pentaerythritol used was a 
technical grade comprising a mixture of 

40 approximately 50%; dipentaerythritol and 
50S£ pentaerythritol and related com- 
pounds. The reaction mixture thus 
formed was treated in the manner 
described in Example I above. IJie 

45 quantity, 223 grams, of the condensate 
thus obtained was reacted with 17o grams 
of sodium aluminate in 300 ccs of dioxane 
and 20 ccs. of water, at 96° 0. for three 
hours. The -latter reaction mixture was 

60 treated in the manner -described hi 

50 Example YII above. The liquid product, 
167 grams, separated from, said 3jeojtaott 
mixture, had an epoxide equivalent of 154 
and an average molecular weight or 4^1, 

55 corresponding to an average of 2.7 epoxide 
groups per molecule. The liquid .Product 
was also characterized by viscosity oi K 
and contained 7.6%: chlorine. 

liiMPliE XXI. 
80 A mixture of ethylene glycol (124 
fvrams, 2 mols), powdered nitration, grade 
- pentaerythritol (272 grams, 2 mols) and" 



an ether solution of BF a (3 ccs.) was 
heated to 120° O. Epichlorhydrin (2960 
grams, 32 mols) was then added gradually *° 
with the temperature maintained at 
120— 140" 0. Additional powdered 
pentaerythritol and additional BE 3 cata- 
lyst were added at intervals, until a total 
of 952 grams (7 mole) of pentaerythritol « u 
were added during four hours, whereupon 
an extremely viscous liquid product was 7 
formed. The liquid product contained 
only a small amount of pentaerythritol. 
The condensate was treated in the manner 70 . 
described in Example I. • - - 

A quantity of 190 grams, of the afore- 
said! condensate was treated with 180 
grams of sodium aluminate in 300 ccs. of 
dioxane, 15 ccs. of! water, at 98" O. for 
three hours. The reaction mixture thus 
formed was treated in the manner 
described in Example I above, and a 
liquid product, 139 grams, was separated 
therefrom. The liquid product had an 00 
epoxide equivalent of 150 and an average 
molecular weight of 340 representing an 
average of 2.3 epoxide groups per mole- 
cule. The product contained 9.0% 
chlorine. 

Example XXII. 
Epichlorhydrin (1390 grams, 15 mols) 
was condensed with a mixture of dipenta- 
erythritol (381 grams, 1.5 mols) and tri- 
methylol propane (304 grams, 3 mols) at Oo 
129s- -153° O. for three hours, similar to 
the procedure described in Example I 
above. A portion (210 grams) of the con- 
densate so obtained was treated with 164 

trams of sodium aluminate in 300ccs. of 100 
ioxane and 20 ccs. of water at 96" O. for 
three hours. The reaction mixture so 
formed was treated in the manner 
described in Example YII above. The 
liquid product, 140 grams, separated iw 
from the reaotion mixture had an epoxide 
equivalent of 160 and an average mole- 
cular weight of 421, thus corresponding 
to an average of 2.& epoxide groups per 
molecule. Chlorine found: 5.9* per cent. 11U 



Exampui XXIII. 
Epichlorhydrin (695 gramsi, 7.5 mols) 
was condensed with a mixture oi to- 
glycerol (120 grams, 0.5 mols) : and Pjpta- 
Irythritol (148.5 grams) at 151—158 C.H5 
for 2i hours, as described in Example 1 
above. The pentaerythritol -used was a 
technical grade, described in Example 
XXI above. A quantity, 243 grama, of 
the condensate so obtained was treated 
with 175 grams of sodium aluminate m 
300 cos. of dioxane and 20 ccs. of water 
at 96° 0. for three hours. The reaction 
procedure described in Example YII 
above was followed in treating the reac- 
tion mixture, from which, 183- grams of . 
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a liquid product were separated. The 
chlorine containing product had an 
S .equivalent of 167 and an average 
SoWaV weight of 438 indicating an 
5 average of 2.6 epoxide groups per mole- 

XXIV. 

A mixture of diglycerol (16G grams, 
1.0 mols), powdered pentaerythritol (170 
in i™ma 1 25 mols) and 7 ccs. of BJT 9 in 
10 fiXyl e£er eolution was heated with 
Sirring to 118° C, ethylene oxide I ?aa 
^aa then introduced therein until a total 
of 157 grams of ethylene oxide had 
16 reacted. A separate portioi) t(3 a* ; ) of the 
BF. solution was then added, flowed ta 
JkV addition of 832 grama (9 mog of 
epiohlorhydrin during a period of 3>J nours 
at 94-110- O. The quantity, 222 grams, 
20 of th7condensate so obtained was treated 
with 155 grams of sodium alummate in 
300 ccs ofdioxane and 20 cce. of water 
at 9r 0 for three hours. The reaction 
^Sure so formed was treated m the 
25 ^n^r de^ribeTin Example II above 
ThTuquid product, 156 grama, kad an 
eix^ide equivalent of 164 and an average 
^Sdar weight of 421, corresponding to 
ravelge"f 2-6 epoxide pwpspoi^ 
30 cule. The product contained 6.9 clilonne 
and had viscosity of K.. 

Example XXV. , 
SST TtSmtityVg^anS; of the 

■ ^quantity of the epi^rhydrin »g 
duct, 360 grams, ^^^ at ^™ *j 
46 granis of f^Vfo^lAo- The 

50 hS"n epoxide ^alent of ^ at- 
tained 2.2% chlorine and had. a viscosmy 

° fD - Example XXVI. 

Glvcerol phthalate was prepared by 
56 heS^^ of gthal^hydnde 

Sown through ,the 3d 



60 



this phthalate was dissolved in 600 c«^« 
dioxane and condeused with |<0 graim 
?7 mols> of epichiorhydnn at ^; 
LTs mSutL. The reaction mixture so 



formed was treated in the manner 65 
described in Example I above. 

A quantity, 342 grams, of the conden- 
sate so formed was treated with 120 grams 
of sodium sincate in 200 cos. of dioxane, 
at 05— 70° C. for 2£ hours. The reaction w 
mixture was treated as described in 
Example VII above. The liquid product 
345 grains, had an epoxide equivalent ot 
312 and contained 2.3% chlorine. 

Example XXVII 75 
228 g. bisphenol, 185 g. epichlorhydrm 
and 600 ccs. of dioxane were placed in a 
three-liter, three-necked flask fitted with 
a stirrer, a thermometer and a reflux con- 
denser, 180 g. sodium alummate were W 
added while stirring and the mixture 
refluxed at 95—100° C. for five hours. 
The mixture was filtered audi the solvent 
distilled off leaving 308 g. of soft resra 
with an epoxide equivalent of 361. The 85 
product so obtained contained chlorine. 

The halogen-containing ether epoxide 
products obtained as described herein- 
above have many uses and ap^ications. 
As is well known to those familiar with W 
the art, epoxides are reactive with many 
types of chemical compounds and, as a 
result, are useful as intermediates. For 
example, epoxides may be reacted with, 
acids, alcohols, amines, amides, mer- 90 
captansi, phenols, etc., to form a variety ot 
useful products among whicb are plastics, 
plasticizing agents, resins, detergents, 
emulsifying a ? ente, dyes, pharmaceuticals 
and insecticides. In addition, the 100 
halogen-containing ether epoxides con- 
templated herein may also be reacted 
through their halogen atom or atoms, 
whereupon said halogen is replaced by 
another atom or gTOup. . 1U0 

It is to be understood that the typical 
examples present hereinabove illustrate 
the invention and are not to be construed 
as limitations thereof . 1ft 
Having now particularly described and li" 
ascertained the nature of our said inven- 
tion, and in wbat manner the same is to 
be performed, we declare that what we 
claim is: — £ 

1. The process for the preparation ot an Ho 
epoxide whicb comprises reacting, in a 
substantially non-aqueous medium, a 
balohydrin witb a basic reacting alkali 
metal aluminate, silicate ; or zmcate. ^ 
2 The process according to Claim! in l^u 
which a halohydrin is reacted with an 
alkali metal aluminate at a temperature 
between -25° C. and 125° C. . 

a. The process according' to Claim 1 m 
which a halobydrin is reacted with an 1-0 
alkali metal aluminate at a temperature 
between -25° C. and 125° 0. and in the 
presence of a small amount of water repre- 
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seating* from !%: to 15%. of the quantity'- 
of said aluminate. ..•* *\ \ 

4. Tiie process according to Claim 1 in 
which a chlorliydrin is reacted with 

5 sodium olumiiiate at a temperature 
between 70° C. and 105° C. ' 

5. The process according' to Claim 1 in 
which a halohydrin is reacted with an 
alkali metal silicate at a temperature 

10 between -25" C. and 125° C., the 
quantity of alkali metal present in said 
silicate being substantially equivalent to 
the quantity of halogen present in said 
halohydrin. 

15 6. The process according to Claim 1 in 
which a chlorhydrin is reacted with a 
sodium silicate at a temperature between 
50° C. and 105° 0., the quantity of sodium 
present in said silicate being substantially 

20 equivalent to the quantity of chlorine 
present in said chlorhydrin. 

7. The process according to CHaim 1 in 
which a halohydrin is reacted with an 
alkali metal zincate at a temperature 

26 between -35" O. and 125° C, the 
quantity of alkali metal present in said 
zincate being substantially equivalent to 
the quantity of halogen present in said 
halohydrin. . 

80 8. The process according to Claim 1 in 
which a chlorhydrin is reacted with sodium 
zincate at a temperature between — 25° C 
and 125" C, the quantity of sodium 
present in said zincate being substantially 

35 equivalent to the quantity of . chlorine 
present in said chlorhydrin. 

9. The process according to Olaam 1 m 
which the halohydrin reacted is prepared 
by condensing an epihalohydrin, as 

40 hereinbefore defined, with » a polyhydrio 
compound in the presence of a condensing 
agent. 

10. The process according to Claim 1 m 
which a complex halohydrin is. reacted 

45 which is prepared by condensing epichlor- 
hydrin with a polyhydrio compound in the 
presence of a condensing agent. 

11. The process according to Claim 1 in 
which a complex cMorhydrin is reacted 

50 which is prepared by condensing epiohlor- 



hydrin with a polyhydrio alcohol in the 
presence of a condensing agent in the 
proportions, of about 1 mol of epichlor- 
hydrin for each hydroxy! group of said 
polyhydrio alcohol. 55 

12. The process according to Claim 1 in 
which a complex chlorhydrin is reacted 
with finely divided sodium orthosilicate 
at about 93.° C, the complex chlorhydrin 
being prepared by condensing 1 molar pro- 6G 
portion of glycerol with about 3 molar 
proportions of epiohlorhydrin in the 
presence of a small amount of boron tri- 
Suoride and the quantity of sodium 
present in said sdlicate*being substantially 65 
equivalent to the chlorine present in said 
complex chlorhydrin. 

18. The process according to Claim 1 
in which a complex chlorhydrin is reacted 
with sodium, zineate containing about 70 
30%; zinc oxide at about 7<T C, the 
quantity of sodium present in said zineate 
being about two-thirda that equivalent to 
the tacrine present in the complex chlor- 
hydrin and the complex chlorhydrin being 75 
prepared by condensing 1 molar propor- 
tion of glycerol with about & molar pro- 
portions of epiohlorhydrin in the presence 
of a small amount of boron trinuoride. 

14. The process according to Claim 1 in 80 
which a complex chlorhydrin is reacted 
with sodium aluminate at about 93° C., 
the quantity of sodium present in said 
aluminate being substantially equivalent 

to the chlorine present in the complex 85 
chlorhydrin and said complex chlorhydrin 
being prepared by condensing 1 molar pro- 
portion of trimethylol propane with about 
3 molar proportions of epiohlorhydrin in 
the presence of a small amount of boron 90 
trinuoride. 

15. Epoxides whenever produced m 
accordance with the processes of the fore- 
going Claims. 

Dated this. 21st day of May, 1948. 
CRTJIKSHAKK & PAXRWEATHEE, 
29, Southampton Buildings, 
Chancery Lane, London, W.C.2, and 
29, St. Vincent Place, Glasgow, 
Agents for the Applicants. 
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